Topoisomerases are a group of ubiquitous enzymes, involved in all key DNA processes and are 19 often stress responsive across the biological world. As a result, these enzymes are targets for 20 various anticancer and antibacterial agents. The causative organism of amoebiasis, E. histolytica 21 (Eh), has seven unexplored genes annotated as putative topoisomerases. One of the seven 22 topoisomerases in this parasite was found to be highly up-regulated during heat shock and 23 oxidative stress. The bioinformatic analysis shows that it is a eukaryotic type IIA topoisomerase. 24 Its ortholog in E. invadens (Ei), the encystation model of E. histolytica was also highly up-25 regulated during the late hours of encystation. Immunoprecipitated endogenous EhTopo II 26 showed topoisomerase II activity in vitro. Immunolocalization studies show that this enzyme 27 colocalized with newly forming nuclei during encystation, which is one of the significant events 28 of mature cysts. Double-stranded RNA mediated downregulation of the Topo II both in Eh and 29 Ei reduced the viability of actively growing trophozoites and also reduced the encystation 30 efficiency in Ei. Drugs, targeting eukaryotic topoisomerase II e.g., etoposide, ICRF193, and 31 amsacrine, show 3-5 times higher EC 50 in Eh than that of mammalian cells, although EhTopo II 32 is eukaryotic. Sequence comparison with human TopoIIα showed that key amino acid residues 33 involved in the interactions with ICRF193 and etoposide are naturally substituted in EhTopo II. 34 Interestingly, ciprofloxacin an inhibitor of prokaryotic DNA gyrase showed about six times less 35 EC 50 value in case of Eh in comparison to human cells. The parasite's notable susceptibility to 36 prokaryotic topoisomerase drugs in comparison to human cells opens up future scope to study 37 this invaluable enzyme in the light of an antiamoebic target. 38 39 40 2 Author Summary 41
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Expression profile of putative Entamoeba Topoisomerase genes during different stresses and encystation
Real-time RT-PCR analysis of these five genes shows that only EHI_120640 and its ortholog 137 EIN_145900 were highly upregulated during heat shock and oxidative stress, although the gene 138 expression did not significantly alter during 16h of glucose starvation. As a similar upregulation 139 of EIN_145900 gene expression was also observed during later periods of encystation, this could 140 be important for stress response in Entamoeba (Fig 3) . Much like during 16h of glucose 141 starvation, early periods of encystation did not show upregulation of EIN_145900. Similar 142 observations for all these genes during encystation were noted from the microarray data [28] (S1 antibody in rabbits. Anti-EhTopoII antibody was purified from crude sera and confirmed by plasmid in comparison to 70-80% relaxation by Ei at the same concentration (Fig 5a and 5b ).
186
This study shows the presence of active Topo II in Entamoeba trophozoites 187 Endogenous EhTopo II was immunoprecipitated from the crude nuclear extract using anti-188 EhTopo II antibody. The native EhTopo II showed relaxation activity only in the presence of 189 both ATP and MgCl 2 . As no relaxation was observed in the absence of either ATP or MgCl 2 or 190 both, it can be concluded that the pulled down Topo II was not contaminated with any type I 191 topoisomerases (Fig 5c) . Topoisomerase II co-localized with the newly forming tetranuclei suggesting that this enzyme 210 may be responsible for relieving the topological strains that occur in the DNA during this nuclear 211 event (Fig 6c) . respectively in comparison to the two control conditions (Fig 7b and 7c) . toxic to the survival of Eh with an effect comparable to that of etoposide (Fig 11) . Further, 284 ciprofloxacin has a profound, direct inhibitory effect on the enzymatic activity of native EhTopo 285 II in comparison to etoposide, affecting the enzyme at a much lower concentration than that of 286 the latter (Fig 12) . It is also interesting to note that ciprofloxacin has much lower EC 50 against Eh 287 in comparison to that reported in mammalian cell line [35, 36] . Like in case of Eh, ciprofloxacin can reduce the viability of Ei and also decrease the encystation efficiency (Fig 13) . This opens up 289 scope to further explore newer and better fluoroquinolones in the light of an anti-amoebic drug 290 against this parasite (Table 1) . 
Discussion
Topoisomerases, being a crucial player in all DNA processes, is often involved in the stress 308 response and survival of all organisms across the biological world [41, 42] . Like all other 309 organisms, E. histolytica also has a pool of genes coding for various types of topoisomerases.
310
The bioinformatic analysis shows that the putative topoisomerases of indeed important for the proper stage conversion of this parasite.
338
Over the years, topoisomerase II has emerged as a good drug target and consequently led to the 339 development of an extensive array of medicines as anti-cancer and anti-bacterial agents. As 340 already mentioned, it is extensively explored as a potential drug target in many other parasites as 341 well. We showed that E. histolytica has a lower susceptibility to eukaryotic topoisomerase 342 targeting drugs, especially etoposide while fluoroquinolones that target prokaryotic gyrases and 343 topoisomerase IV were significantly toxic to the enzyme activity as well as parasite viability.
344
Sequence analysis of EhTopo II with human TopoIIα show that specific key residues involved in 345 the drug interaction with etoposide and ICRF 193 are naturally substituted in Eh and this may be 346 a contributing factor to the poor performance of these drugs towards the parasite in comparison 347 to mammalian cells. On the other hand, gyrase inhibitors like fluoroquinolones have reported
